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Abstract 

Growth factor receptors transmit intracelliilar signals that may be 
important In carcinogenesis. The Grb7 protein was recently Identifled as 
a sulistrate of the epidermal growth factor receptor and related Her2/ 
erbB2 receptor-Uniced tyrosine kinase activity. The Grb7 gene has l>een 
found to be coamplifled with Her2/erbB2 in breast carcinomas. Id this 
study, Grb7 expression was studied in 32 human esophageal cancers. A 
human GrbT cDNA encoding for N-terminal amino adds was isolated and 
found to be 90% homologous to the murine counterpart Although there 
was no ampUficalion of the Grb7 gene in esophageal cancers, Grb7 mRNA 
was found to be overexpressed tn 14 cancers (43 J %) but not in a^acent 
normal esophageal mucosa. It is noteworthy that coexpression of Grb7 
with epidermal growth factor receptor or IIer2/erbB2 was detected in 10 
esophageal carcinomas (31.3%) and was significantly related to extramu- 
CQsal tumor invasion (P = 0.02), whereas such a relationship was not 
shown by each sole expression. These findings suggest a possible relation- 
ship of GrbT sIgnaUng in association with expression of tyrosine Ednase 
receptors in aggressive human esophageal cancer. 

Introduction 

A key mechanism for induction of cellular growth and transforma- 
tion involves the transmission of intracellular signals following acti- 
vation of receptor-linked tyrosine kinases by growth factors (1). 
Subsequent tyrosyl phosphorylation of intracellular substrates leads to 
an interaction with SH2^ domains of downstream signaling molecules 
(2). Binding of signal transduction molecules to such phosphotyrosine 
motifs will affect the properties of SH2-containing proteins as exem- 
plified by direct stimulation of enzymatic activity and relocalization 
of proteins within the cytoplasm and tyrosyl phosphorylation of other 
downstream signal transduction molecules (2). In this regard* Schless- 
inger and colleagues (3-5) have utilized tyrosyl phosphorylated 
EGFRs as a probe for cloning SH2-containing proteins that will bind 
to the activated receptor. Subsequently, several Orb proteins have 
been identified and include proteins such as Grbl, the p85 subunit of 
phosphatidylinositol-3 kinase, and Grb2 (also called Ash), a molecule 
that regulates the SOS guanine exchanging factor known to be im- 
portant in Has activation. In addition, Grb3, Grb4. Grb5. Grb6, and 
Grb9 have been isolated and found to have the same characteristics of 
the signaling proteins Crk» Nek, Fyn, phospholipase Oyl, and Syp. 
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respectively (5, 6). With respect to their possible role in oncogenesis, 
we have previously found that cellular transformation induced by 
IRS-1 requires an interaction with both Grb2 and Grb9, respectively. 
Thus, these binding motifs of the IRS-1 protein have a functional role 
in producing cellular transformation (7). 

The Grb7 is a newly identified SH2-containing protein that binds 
avidly to the activated EGFR (5). Murine Grb7 protein is composed of 
a SIC domain at the caiboxyl (Q terminus and PH domain that has 
also been found in. various signaling molecules such as IRS-1. In 
addition, a protein phosphatase 2B (P2B2)-like proline-rich sequence 
is also present in die amino (N)-terminaI region of die Grb7 protein. 
The proline-rich sequence may be a target region for binding by other 
signaling molecules containing SH3 domains. The Her2/erbB2 protein 
is another receptor-type tyrosine kinase with similar properties to the 
neu oncogene, and diis molecule has a high degree of structural 
homology to the EGFR, since it contains a cytoplasmic binding region 
that reacts with signaling molecules containing SH2 domains. Previ- 
ously, Stein et al (8) revealed that the Grb7 protein will bind tightly 
to the Her2/erbB2 protein, and the Grb7 gene was finequently coam- 
pliflcd with the Her2/erbB2 gene. With respect to tissue expression, 
Grb7 expression is normally present only in hver, kidney, and gonads. 
However, most breast carcinoma cell lines and tissues express Grb7 at 
the mRNA and protein level. Thus, there needs to be further studies to 
determine whether Grb7 expression is important in carcinogenesis. 

Human esophageal carcinoma is often an aggressive tumor with a 
poor prognosis (9). It has been previously suggested that several 
growth factors including EGF. TGF-a, and platelet-derived growth 
factor might play a role in esophageal carcinogenesis by either an 
autocrine or paracrine process; however, the molecular mechanisms 
and signaling molecules involved has yet to be clarified ( 10). Previous 
studies have indicated that overexpiession of the EGFR is a frequent 
finding in this disease and the receptor tyrosine kinase activated by 
EGF and TGF-a, and EGFR overexpression has been identified as a 
prognostic factor in esophageal carcinomas (II). Additionally, ex- 
pression of Her2/erbB2 has been detected in various esophageal 
tumore also (12, 13). It is likely that the activated EGFR and Her2/ 
erbB2 will transmit the growth signals and contribute to the transfor- 
mation process. In the present investigation, we determined whether 
Grb7 was expressed in esophageal tumors on the basis of either gene 
amplification or enhanced transcriptional activity. More important, 
the significant Grb7 and EGFR or Her2/erbB2 coexpression was 
explored in tumor tissues compared to the adjacent normal esophageal 
mucosa. Our results suggest that diere is an important correlation 
between tumor invasion and possible signaling by receptor tyrosine 
kinases through the Grb7 in human esophageal carcinoma. 

Materials and Methods 

To clone a cDNA fragment of human Grb7, sequences homologous to P2B2 
and PH domain of the murine Orb7 were used as PCR primers shown in Fig. 
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I (5). Total RNA was extracted from ZR-75-30 liuman breast carcinoma cells 
ioMiwn to overwqpress Grb7 mRNA and protein (8), followed by RT-PCR 
aoaplification as described pteviously (14), The PGR products were cloned 
using a TA cloning kit (Invitrogen), and DNA sequences were determined 
□sing the Sequcoasc version 2.0 (United States Biochemical Corp.). To analyze 
die status of Crb7 expression and its relationship to associated molecules in 
clinical samples, we studied 32 primary squanmus cell esophageal tumors ftom 
the Saitama Cancer Center (Saitama, Japan) obtained at the dme of surgical 
resection. Genomic DNA and total cellular RNA were extracted according to 
itandaid methods. Amplification of the Grb7 gene was assessed by PGR as 
described previously (8). Cellular expression of Grb7, EGFR, and Her2/erbB2 
was analyzed after peifonning the RT reaction using the following primers for 
25-cycIe PGR as described previously (15. 16): Grb7. 5'-CCTCTCCTCATC- 
CCAACCAC-3' and 5'-GCAGCCTGCACTrCCACCAC-3' (product size, 
380 bp); EGFR. 5'^GTrGCTGGCTGCGCrCTG-3' and 5'-AGCCACCTC- 
CrOOATGOTC-3' (product size, 221 bp); and Her2/eTbB2, 5'-GCTGGCTC- 
CGATOTATTTGATO-GT-a' and 5'-GTrcTCTGCCGTAG0TGTCCCT- 
Tr-3' (product size, 495 bp). As a control mRNA. we performed RT-PCR of 
OAPDH as reported previously- (14): 5'-QTCAACGGAnTGGT-CT0. 
TATr-3' and 5'-AGTCITCTGGGT'GGCAGTGAT-3' (product size. 560 bp). 
All PCR primers were selected to span the introns to detect specific mRNA 
sequences. ' 

Results and Discussion 

The murine Grb7 contains a P2B2-like proline-rich sequence at the 
NHj terminus and a SH2 domain in the C-tenninal region of the 
molecule (8), The region located between these two motifs has an 
homology to the central region of Caenorhabditis elegans F10E9.6. In 
both regions, a consensus sequence for a PH domain has been iden- 
tified (17), The strategy used for cloning of a human Grb7 partial 
cDNA by PCR, therefore, incorporates sequences homologous to die 
. P2B2 and PH domains as primers (Fig. 1). The RT-PCR was per- 
formed on RNA extracted from ZR-75-30 human breast carcinoma 
cells previously found to overexpress the Grt)7 protein (8). Usmg 
these approaches, a 960-bp fragment was isolated and characterized. 
The nucleotide sequence of the human Grb7 partial cDNA is pre- 
s&ated in Fig. 1, (The sequence represented was deposited with 
GenBank accession no, D87513.) The predicted amino acid sequence 
Is highly homologous (89.6%) to the murine Grb7 protein. In addition, 
the proiine-rich sequence is also retained in the human form of the 
Grb7 molecule. Finally, the PH domain found in human Grb7 is 
95.7% similar to the PH domain of murine Grb7, Although the 
function(s) of PH domains has not been clarified, recent experiments 
suggest that die PH region interacts with Oaj3 subunits (18) and 
phospholipids (19) and may be important in die association with 
signal transduction complexes, 

It is of interest that the murine Grb7 gene localizes to chromo- 
some 1 1 near the Her2/erbB2 locus. In addition, the Grb7 gene is 
frequently coamplified with the H€r2/erbB2 gene in human breast 
carcinoma cells (8). Genomic DNA extracted from human esoph- 
ageal tissues was analyzed using the Grb7 cDNA probe to deter- 
mine whether there was gene amplification in these tumors (8). 
However, we were unable to detect Grb7 gene amplification in 32 
tissue samples of human esophageal carcinoma. These results are 
consistent with the observation that Her2/erbB2 gene amplification 
has not been previously found in squamous cell carcinoma of the 
esophagus (12), Stein et al (8) reported that overexpression of 
Crb7 mRNA in human breast carcinoma cells was not due to gene 
amplification. Based on their results, we analyzed the pattern of 
Grb7 expression in esophageal carcinomas by RT-PCR using the 
specific primers outlined in Fig. 1. Grb7 mRNA was not detectable 
in normal esophageal mucosa, although there is specific expression 
in liver, kidney, and gonadal tissues. In contrast, as demonstrated 

Fig. 2, Grb7 mRNA expression was fotmd in 14 esophageal 
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ootttgeocatccecagcagc— -&9goMcttc9agaagag9a9tttcaggcaacctot 

ctcoectctatceccoacccottccctgagctatgoagtcctocctcacagagccooAtt ISO 
LPSiPHPrPELCSPPBQSPI 
LPSIPNPPPELCSPP8QRPI 
ctgecctoca tcoccaAOCcettccot9B9ctptgcAgceaaca ttCAcagaaacccatt 

ctcgggggcccctercagtgoaagggggotgctccccegcgatgccagcegcccccntgtQ 240 
LaapQSARQLLPEIOASRPHV 
L G OfiSOAROX^LPItDSSRLCV 
cttgg t99ttco tocggtgcaagggggt tge ttca tcgagaotecflgccgccto tg tg tg 

gtftaoggtgtacagtgaggatggggcctgoaggtctgtggaggtggoagcBggfegccaca 300 
VRVT8BD0ACRSVBVAAOAT 
VKVYaEDOACRSVGVAAQJVT 
g tgaagg tg tacag tgagga tggggcctgccgg tetgtggagg tggcagcgggcgcoaoa 

gotcgccGogtqtgtgaaatgctggtgcagcgagctcacgcottgagcgacgagacctgg 3«0 
ARHVCEHLVgRAHALSDETH 
AR HVCEHLVQRAHAL«DESH 
gctegteacgtgtgtgagatgctggtacaacgagetcacgcectgagcgBcgagagotgg 

E fl9ffctggt9gagtgooacccccacetd,i;a-'.,i-a-j,^^...,^^,^aucae^a9tcc 420 
GLVBCHPBLAtEROLBOaBS 
CLVESHPTLALEROLBDHEP 

N 99^tagtggaatcccaccQctaccbggcactgga9Q9999tatgga99accatgaattt 

B gtggtggaagtgcaggotgcctggceogtgggcgnagatagcagobtcgtottcoggaaa 460 
VVBVOAAHPVOQDSRFVPBK 
VVBVOEAMPVGODSRPIPRR 

H Qtggtggaagtgoaggaggcctggoctgtgggtggagatagecgcttcabcttecgtaaa 

H aacttegccaagtacgaactgttcaagagotecccacaGtaeotgttcocagaaaaaatg 540 
NrARTi:LFX8SP116LrPERH 
NPAKyBLPRflPPHTLrPEBM 

K ABcttcgcoaagtatgaaatattcaagagccccccacacat^cctgCttccagaaaagaLg 

H gtctecagfibgtctcgatgeacoaaotggtatatcccatgaagacctcatccagaacttc «0D 
VeSCLDAHTQlSHEDLIOMr 
VasCLDAQTGISHEDLIQNr 

H gtctcgagctgtctggatgoacaaacaggcataccccatgaagacctcafceoagaactto 

H ctgaatgctggoagtittteotgagatccagggctttecgcagatgeg^ggttcaggacgg 660 
Lnaao ppdx aaPLgLoos on 
LaAooppDZQorLgtsaaciit 

H ctgaaGgctggoagcttcootgagatccagggottectgcagctgcggggatcaggocgg 

K -aagccttggaaaegctttttctgtttcttgcgoogatctggcGtatat 700 

- - -- atttjaftppepLRDoobv 

OaOCtCTLtTRIlPPCffSiRQDOLV 

H gggfccag9tcgaa49cttt9gaaac9tttcttctgctttct9cgtcgatct9gcotctac 

H tactccaccaag99oacotataaggatecgaggaacct9CB9taa9tg9cagatgtgaac 76B 
sosnafO'ROPaaLQvvADva 
soTaofoaDpRiiLgirvAOvtT 

H tActataccaagggtacctccaaggacccoaqacacccoc&jcatgtggca^atgtgaat 

B gagtecaacgtgtacgt99t9ac9e;agggccgcs^n'<-t-c>9"7n7Jt*-^c'*c4ctg«'=tt« 038 

□ OaVSVVTQORRLIOMPTDP 
00nV7VV9g0RRLVOt:]PXD7 
H gag tccaatgtcta tg tgg tgaocoagggcogcaagc tg ta tgggatig^ccaa tgac etc 

K ggtttotgfcgteaagaeca'ac4agot.tc9a«at99acacaaggggcttc4gatcttcrtgc BOB 
OJ7CVnpDRLRUOBKai.CtII7C 

a7ovcrpDaLRaoBnoi.iixi7c 
H ggcttctgtgtaaagoccaacaagcttcgaaacggccacaaggggctcca^atcttctgo 

R a9tgM9atqa9ea9a9eegaMot.gofcgggtgyetgaetfceflge gtettcaitgt*e^ ^|g 943 

ooDCQaavevbAAPRLtrttTa 
aoooQaRcetfLAAPRL^ayo 
M agtgaggatgagcagagtcggacotgctggctggctgcettcoggctcttcaagtacggg 

H 960 

V e I. Y 

V e I* y 

M gtacagotatat 

Rg. 1. Partial nucleoiidc sequence and predicted amino acid stquence of human Grb7 
{H) compared to murine Grb7 (M) as reported by Siein tt al (8). A human Grt)7 cDNA 
was isolated from ZR-75-30 human bneasi carcinoma cells (12). ITio undefined nucleo- 
Udc sequence was used to construct PCR primers to amplify a 960 bp of human Grb7 
cDNA. The nucleotide sequence presented in italics was used to detect Orb? expression 
inhuman esophageal tissues by RT-PCR (3fiO bp). The predicted amino acid sequence of 
human Ofb7 protein Is 93.8% homologous to the murine Grb7 sequence. The bold 
sequences Indicate the proline-rich P2B2-like sequence and the PH domain. The repre- 
sented sequence was deposited with GenBank accession no. D875J3. 
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tumors (43.8%). To address the possible cJinical significance of 
this finding, we compared the relationship of Grb7 mRNA expres- 
sion to the clinicopathological characteristics of sex, age, tumor 
size, histological differentiation, depth of invasion, nodal status, 
metastasis, histological stage, and prognosis. However, we found 
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no^clationship of Grb7 mRNA expression to any of these clinical 
features. 

The Grb7 protein has been shown to be a substrate for either EGFR 
or Her2/erbB2, since both tyrosine kinases have highly similar cyto- 
plasmic domains that will bind to SH2 containing signal transduction 
molecules (8). In this regard, overexpression of EGFR or the Her2/ 
erbB2 was detected in 18 esophageal tumors. Indeed, 12 tumors were 
found to express the EGFR whereas 8 others expressed the Her2/ 
erbB2 oncoprotein. Overexpression of both EGFR and Her2/eibB2 
was found in two tumor samples. It is noteworthy that previous reports 
have also provided evidence for overexpression of these receptors in 
human esophageal carcinomas (10, 12), and one study emphasized 
that overexpression of EGFR was a prognostic factor in this disease 
(1 1). In our study, there was no association between overexpression of 
EGFR or Her2/erbB2 with die clinical and pathological course of 
esophageal carcinoma. However, coexpression of Grb7 with EGFR or 
Her2/erbB2 was found in 10 tumors (Fig. 2) and was significantly 
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Fig. 2. Expression of Grt>7, EGFR, Hei2/erbB2. and GAPDH In human esophageal 
carcinomas (7) and normal adjacent mucosa (AO as measuied by RT-PCR. Cose oumben 
arc italic. 




DepUi of Invasion 

Fig. 3. Relationship between Grb7 e^ipresston and tumor invasion of human esophageal 
caFcinoma. Columns, percentage of tumors positive for Grt)7 expression. FiUed column}!. 
percentage of tumors positive for coexpression of Gib7 with EGFR and/or Her2/crbB2. 
.Jbe tumor invasion depih was classified using the UICC standard where Ti is mucosa or 
IRibmucosa, T2 is muscularis propria, Tj is adveotitia, and T4 is exira^advemidal spieod. 



related to the depth of tumor invasion (Fig. 3). Indeed, the coexpres- 
sion of Grb? with these receptors was detected in 66.?% of advanced 
esophageal carcinomas with extramucosai invasion but in none of 
the tumors confined to the esophageal mucosa (P = 0.02, Mann- 
Whitney U test). Thus, coexpression of these signal tiransduction 
molecules was associated with tumor invasion. In support of this 
conclusion is our findings in 14 of 18 tumor cell lines derived from 
human esophageal carcinomas where coexpression of Grb? with 
these two receptor tyrosine kinases was positively associated with 
the degree of tumorigenicity in nude mice.'* Taken together, these 
findings suggest that intracellular signals transmitted by such 
receptor tyrosine kinases through Grb? may be directly involved in 
tumor progression. 

Human esophageal carcinoma is known to be highly invasive (9). 
and our studies suggest that coexpression of Grb? with these two 
receptors may have clinical significance in this regard. However, the 
fiinction of Grb? in this process has yet to be defined. It will be 
important to clarify the molecular effects induced by Grb? expression 
particularly with respect to whether a growth or metastatic signal is 
relayed to Grb? by the activated EGFR and/or erbB2. In this regard, 
the proline-rich sequences of the NHj terminus region of Grb? protein 
may also interact with SH3 domains of other signal transduction 
molecules (2). Additional studies will be needed to be directed toward 
identifying such downstream signal transduction molecules that may 
interact with Grb? and transmit oncogenic signals (20). Such Inves- 
tigations will further clarify the role of Grb? as a contributor to 
invasive characteristics of human esophageal carcinomas. 
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